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Abstract
A successful endodontic treatment depends on a comprehensive knowledge of
the morphology of canal and its variations, an appropriate access cavity, cleaning
and shaping, and adequate root canal filling. Lack of knowledge in this regard and
missing a root canal are among the most common causes of failure of root canal
treatments. Most previous studies on maxillary molars have reported that they
usually have three roots and four canals since an extra canal is often found in the
mesiobuccal root. Other anatomical variations, such as an extra C-shaped canal,
have also been reported in distobuccal and palatal roots. Thus, because of having a
more complex anatomy compared to other teeth, maxillary molars have the highest
rate of endodontic failure. Several studies have assessed the morphology of root
canal anatomy in different populations using different techniques such as section-
ing, root canal clearing, association of a dental operating microscope and ultrasonic
tips, periapical radiography, and computed tomography scanning. Recently, CBCT
was suggested to three-dimensionally explore the root canal details before an end-
odontic treatment. The purpose of this chapter was to highlight the importance of
having a thorough knowledge about the root canal morphology of the permanent
first and second maxillary molar.
Keywords: permanent maxillary first molars, permanent maxillary second molars,
root canal complex, internal morphology, anatomic variation
1. Introduction
The root canal configuration is complex and has many variations depending on
the group of teeth. Understanding and mastering this internal anatomy is essential
for the planning and executing endodontic therapies [1].
In order to explore root canal anatomy for better understanding, several
benchmarks were chosen in combination with appropriate information from the
literature, encompassing: general description of teeth, overall length and root’s
length, chronology of root formation [2–8], the degree of canals curvature [9–11],
the number of roots [12], root’s curvature and fusion [13], number and
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configuration of canals [12], diameter of the canal at 1, 2, and 5 mm from the
apex [1, 14], apical foramen position, accessory canals, and lateral and apical
ramifications [12].
The divergence of results reported in several studies may be due to the type of
the study (clinical/laboratory study); however, different methods have been used in
these studies.
Studies done in the laboratory to describe the internal anatomy include various
types of methods:
• Decalcification with injection of India’s ink [12, 15, 16]
• Injection of sodium fluorescein and microscopy [17]
• In vitro radio-opaque gel infusion and radiography [18]
• In vitro endodontic with radiography and instruments [19] or only with
instruments [20]
• In vitro macroscopic examination [13]
• Cone beam computed tomography (CBCT) [21–25, 26]
• Micro-computed tomography [10, 26–29]
• Sectioning and microscopy [11, 14, 18]
While clinical methods include:
• Clinical evaluation during endodontic treatment using enlargement or
operating microscope [30]
• In vivo treatment of the root canal and radiography [31]
2. The method of internal anatomy analysis
2.1 Conventional radiography
The retro-alveolar image shows the totality of each X-rayed tooth up to the apex,
and provides information on canal anatomy as well as on the integrity of the
periodontium [32].
Some studies combined the radiographic technique and radio-opaque sodium
iothalamate gel infused in the root canal system [18]. In another use of radiography,
Kulild and Peters [19] assessed the internal anatomy of 83 maxillary molars by
taking radiography of instruments into the canals (Figure 1(a)).
In a retrospective study of 520 completed endodontic treatments of maxillary
second molar, radiographs reviewed were useful to detect the anatomical root and
canal variations [31].
Unfortunately, the maxillary molar area is often a difficult area to obtain a good
radiographic quality because of the superimposition of the maxillary process of the
zygomatic bone [34].
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2.2 Cone beam computed tomography (CBCT)
Several studies compared the use of cone beam computed tomography (CBCT)
imaging to study root and canal anatomy with some laboratory methods such as
histological sectioning and clearing technique and, more recently with the gold stan-
dard nondestructive high-resolution micro-computed tomography (Micro-CT) [26].
In order to identify the root canal system, CBCT was used next to charged
coupled device (CCD) and photostimulable phosphor (PSP) [22]. For CCD and
PSP, the endodontist evaluators correctly identified the number of root canal sys-
tems 78 and 80% of the time, respectively, when compared with CBCT 100%.
Numerous in vivo studies used CBCT to highlight the second mesiobuccal canal,
with prevalence of 42.63 [21] and 70.5% [25] for the first maxillary molar, and
between 34.32 [21] and 41.6% [25] for the second maxillary molar (Figure 1(b)).
Figure 1.
Methods of study of internal anatomy. (a) Conventional radiography with instruments showing a maxillary
first molar with five roots [33]. (b) Cross section, from a CBCT imaging, representing the second mesiobuccal
canal of a maxillary first molar [26]. (c) The 3D root canal system of each maxillary first molar was
reconstructed with Micro-CT and mathematical modeling [10]. (d) Diaphanization technique showing the
complexity of the internal morphology of a maxillary molar [15].
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2.3 Micro-computed tomography (Micro-CT)
X-ray micro-computed tomography has also been denominated as micro-
computed tomography, microcomputer tomography, high-resolution X-ray tomog-
raphy, X-ray microtomography, Micro-CT, and similar terminologies. Nowadays,
despite the impossibility of employing micro-CT for in vivo human imaging, it has
been considered the most important and accurate research tool for the study of fine
details of root canal anatomy [26].
In Markvart et al.’s [28] article, he investigated the Micro-CT and segmentation
precision of the surface models of molars for the detection of small volumes, such as
the reduced pulp cavity, formation of mineral deposits, detection of narrow root
canals, and to improve the clinical and morphological understanding of the number
of root canals and their configuration. Other study was done by Peters et al. [29] on
12 maxillary molars; Micro-CT was used to detailing root canal geometry.
Bjørndal et al. [35] correlated the shape of the root canals to the corresponding
root surface of five maxillary molars. While in 2006, Lee et al. [10] measured the
three-dimensional (3D) canal curvature in maxillary first molars using Micro-CT
and mathematical modeling (Figure 1(c)).
2.4 Diaphanization
Diaphanization is a histological term that refers to the whole body, organ, or
structure transparency [15].
Dental diaphanization has been frequently used to observe several anatomical
features of the root canal system, including the presence and the type of root canal,
number of roots, fusion, lateral canals, transverse anastomoses, position of apical
foramen, and apical deltas [12], additional canals such as MB2 in mesiobuccal roots
of maxillary molars [16] (Figure 1(d)).
To prove the effectiveness of diaphanization technique in the identification of
root canal morphology, many authors compared between diaphanization and other
techniques. Baratto Filho et al. [36] showed that the incidence of 4 roots in 140
maxillary first molars was high in vivo assessment (67.14%).
3. Permanent maxillary first molar
3.1 The anatomical particularities of the maxillary first molar
3.1.1 General
The maxillary first molars are the first permanent molars to erupt and some-
times referred to as 6-year molar; they erupt distal to the deciduous dentition and
they are considered succedaneous, as they do not replace any deciduous teeth; they
contact the maxillary second premolar on the mesial and the maxillary second molar
on the distal, the maxillary first molars occlude with the mandibular first and
second molars; and they are considered the cornerstones in the development of
occlusion because of their eruption pattern and location in the arch [37].
Numbering system Right Left
Universal 3 14
Palmer 6 6
International 16 26
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3.1.2 Development
• Initial calcification: at birth
• Enamel completed: 3–4 years
• Eruption is between: 6–7 years
• Root completed: 9–10 years
3.1.3 Dimensions
See Table 1.
3.1.3.1 Crown dimensions
The mesiodistal crown dimension is greater than the cervico-occlusal crown
dimension [2, 5, 6]; the average difference is as great as 3.3 mm and as small as
2.5 mm [2, 5] (Figure 2(a)).
The buccolingual crown dimension is greater than the cervico-occlusal crown
dimension [2, 5, 6], the average difference is as great as 4.1 mm and as small as
3 mm [6] (Figure 2(b)).
Overall length 22.0 mm
Crown length 8 mm
Crown width 10.8 mm
Crown buccolingual 11.6 mm
Root length 12.7 mm (DB)
12.9 mm (MB)
14.0 mm (P)
Table 1.
Average dimensions (mm) of the maxillary first molar [37].
Figure 2.
The crown dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Crown buccal dimension, (b) crown
mesial dimension, and (c) crown occlusal dimension.
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The buccolingual crown dimension is greater than the mesiodistal dimension
[2, 5, 6]. Diamond [6] indicates that the two dimensions are the same. The inequity
of the two measurements appears slight from an occlusal view [2] (Figure 2(c)).
3.1.3.2 Roots dimensions
The three roots are nearly the same length (within 1.5 mm), but the palatal root
is the largest [3]: the mesiobuccal root is slightly longer than the distobuccal root
[3]; the two buccal roots are approximately the same length [2]; and the distobuccal
root is the shortest root [3] (Figure 3(a)).
The buccolingual dimension of the mesiobuccal root at its base equals two-third
of the buccolingual dimension of the root trunk [3] (Figure 3(b)).
3.2 External root canal anatomy of maxillary first molars
3.2.1 Number of roots
The maxillary first molar root anatomy is predominantly a three-rooted form, as
shown in these anatomic studies [12, 13, 18] of this tooth (Figure 4(a)).
The single root or conical form of root anatomy in the first maxillary molar is
very rarely reported [12, 13] (Figure 4b).
The two-rooted form is rarely reported, and may be due to fusion of the
distobuccal root to palatal root (5%) [13], fusion of the mesiobuccal root and the
palatal root (0%) [13], or fusion of the distobuccal root to the mesiobuccal root
(6%) [12] (Figure 4(c)).
Over 95% of maxillary first molars had three roots and 3.8% had two roots in
four studies that included 416 teeth, according to a literature review [40].
The four-rooted anatomy in its various forms is also very rare in the maxillary
first molar and is more likely to occur in the second or third maxillary molars
(Figure 4(d)).
Review data from two studies that included 2480 teeth show that the maxillary
first molars had an incidence of C-shaped canals of 0.12% indicating that this type
of anomaly is a rare occurrence in the maxillary first molar [40].
Figure 3.
Roots dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Root length and (b) mesial root
dimension.
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3.2.2 Shape of roots
3.2.2.1 Buccal aspect
The roots are described as all being roughly ovoid in cross-sectional form at the
mid-root area [4] (Figure 5(a)).
The buccal furcation is often near the junction of the cervical and middle thirds
of the root [3]; the buccal bifurcation is located about 4 mm apical to the cervical
line [2] (Figure 5(b)).
Figure 4.
Variation of root number in maxillary first molar. (a) Buccal view of maxillary right first molar (reprinted
from 3D tooth atlas version 9) [37]. (b) First maxillary molar with single root [38]. (c) Fusion of mesiobuccal
and distobuccal roots [38]. (d) Maxillary right molar with bifurcated with double palatal root [39].
Figure 5.
Buccal aspect of maxillary first molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Cross-sectional
root form and (b) buccal bifurcation.
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3.2.2.2 Mesial aspect
The mesial bifurcation is located closer to the cervical line than the buccal
bifurcation [2]. There is a smooth concavity extending occlusally and lingually from
the furcation almost to the cervical line [2] (Figure 6(a)).
The lingual root is the largest; it diverges boldly to the lingual [7], and it is bent
like a banana [2, 3]. Figure 6(b, c).
3.2.2.3 Distal aspect
The distal bifurcation is located 5 mm or more apical to the cervical line, thereby
being the most apically located furcation [2] (Figure 7(a)).
The buccal surface of the distobuccal root is not located as far buccally as the
mesiobuccal root; the distal surface on the distobuccal root has no longitudinal
depressions [3].
Figure 6.
Mesial aspect of maxillary first molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Mesial
furcation, (b) lingual outline form, and (c) palatal root form.
Figure 7.
Distal aspect of maxillary first molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Distal
bifurcation and (b) distobuccal root.
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The distobuccal root is the smallest, shortest, and weakest root and it is a little
larger buccolingually than the mesiodistally [4] (Figure 7(b)).
3.2.2.4 Lingual aspect
The lingual root of the maxillary first molar has an average length of
13–13.7 mm, depending on the authors [2, 3] (Figure 8(a)). It is the third longest
root in the maxilla after the canine and the second premolar [3].
The lingual root is the longest, largest, and strongest of the three first molar
roots [4].
The lingual root is conical and has a bluntly rounded apex [2]. The buccal
roots are visible from a lingual view due to their wide mesiodistal spread [3]
(Figure 8(b)).
3.3 Internal root canal anatomy of maxillary first molars
3.3.1 Pulp chamber and canal entries
3.3.1.1 Morphology of pulp chamber
The bulk of the pulp chamber is contained within the root trunk, with only the
pulp horns extending more coronally. Similar to the outer tooth contour, the pulp
chamber is broader buccolingually than mesiodistally. The pulp chamber might
undergo calcific metamorphosis, which will reduce its volume considerably [37].
A total of 134 maxillary first molars were studied by Acosta Vigouroux and
Trugeda Bosaans [20]; the floor of the pulp chamber was found exactly in the center
of the tooth; the most frequent shapes corresponded to trapezoids, rectangles, and
inverted trapezoids [20] (Figure 9).
The transverse cross-sectional shape of the pulp chamber was trapezoidal in 94
teeth (81.0%); triangular-shaped pulp chambers were found in 13 teeth (11.2%).
The shape of the pulp chamber was elliptical in 9 teeth (7.8%) as claimed by
Thomas et al. [18].
Figure 8.
Palatal aspect of maxillary first molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Palatal root
length and (b) buccal roots visibility.
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3.3.1.2 Description and location of canal entries
As stated in Acosta Vigouroux and Trugeda Bosaans’ study [20], the largest
funnel-shaped entry was that of the lingual canal, which was circular in 45.70% of
the cases, and elliptical in 54.30%. The opening to the distobuccal canal was ellipti-
cal with a larger buccolingual diameter in 95% of the cases and circular in 5%, the
mesiobuccal canal opens at a narrow groove leaning slightly toward the distal aspect
and noticeably toward the lingual, which has its origin in the mesiobuccal angle of
the floor of the pulp chamber [20].
The average horizontal distance between the MB1 and the MB2 is 1.21  0.5 mm
according to Spagnuolo et al. [27], and 1.55  0.56 mm according to Peeters et al.
[42] (Figure 10).
Spagnuolo et al. [27] also depict a vertical distance between MB1 and MB2 of
1.68  0.83 mm.
The access cavity has a rhomboid shape, due to the presence of four canals with
the corners corresponding to the four orifices, as described in “Cohen’s Pathways of
the Pulp” [41]; the access cavity should not extend into the mesial marginal ridge.
From the distal side, the preparation can invade the mesial portion of the oblique
ridge; the buccal wall should be parallel to a line connecting the mesiobuccal and
distobuccal orifices (Figure 11).
In a recent study done by Rover et al. [43] on 30 maxillary first molars, they
assess the influence of contracted endodontic cavities (CECs) on root canal detec-
tion. The traditional endodontic cavities (TECs) were used as a reference for com-
parison. The results show that it was possible to locate more root canals in the TEC
group in stages 1 and 2 than the CEC group.
Figure 9.
The morphology of pulp chamber. (a/b) trapezoid form of the pulp chamber (reprinted from 3D tooth atlas
version 9) [37]. (c) pulp chamber shape of maxillary first molar with three canals [41].
Figure 10.
The two locations of the second mesiobuccal (MB-2) canal orifices in a maxillary first molar : (a) first location,
(b) second location [41].
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3.3.2 Morphology of the canals
3.3.2.1 Mesiobuccal canal
According to a book chapter “Ingle’s Endodontics” [39], a meta-analysis has
done by Cleghorn and Goodacre contained the most data of the mesiobuccal canal
morphology, a total of 8515 teeth from 37 studies (Figure 12(a)).
The incidence of two canals in the mesiobuccal root was 57.1%, and of one canal
was 42.9% in a weighted average of all reported studies. The incidence of two canals
in the mesiobuccal root was higher in laboratory studies (61.1%) compared to
clinical studies (54.7%).
The mesiobuccal canal has a similar volume (2.76 mm3), and considerably larger
surface area (up to 24 square mm2) compared to the distobuccal one; canal lengths
are similar and can reach up to 24 mm [29] (Figure 12(b)).
On 100 maxillary first molar studied by Karaman et al. [11]; the degree of
primary curvature in type II, MB (25.63  7.43°) and ML (34.74  8.99°), and in
type III, MB (27.33  9.70°) and (ML 36.98  9.41°) in clinical view was not
significantly different.
As Vertucci claimed that the median canal diameter at 1, 2, and 5 mm from the
apex forMB1 was 0.19, 0.37, 0.46 mm, respectively, buccally and lingually, and
Figure 11.
The shape of the access cavity of maxillary first molars from different views [41]. (a) Buccal view, (b) occlusal
view, and (c) mesial view.
Figure 12.
Three-dimensional configuration of internal anatomy of maxillary first molar. (a) Mesiobuccal canal
(reprinted from 3D tooth atlas version 9) [37]. (b) Micro-CT data showing the detailed anatomy of root canal
system [29].
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0.13, 0.27, 0.32 mm mesially and distally; forMB2, the median canal diameter was:
0.19, 0.31, 0.38 mm, respectively, buccally and lingually, 0.16, 0.16, 0.16 mm
mesially and distally [1].
3.3.2.2 Distobuccal canal
According to “Ingle’s Endodontics” meta-analysis [39]: 15 studies consisting of
2606 teeth, results show that the distobuccal root had only one canal in 98.3% of
teeth studied, two canals were found in 1.7% (Figure 13).
It is the smallest of the canals present in terms of volume, length, and surface
area with around 2.25 mm3, 24 mm, and 18.75 mm2, respectively [29].
The distobuccal canal has a clear curvature of 0.29  0.13 mm1. However, it is
generally less curve that the mesiobuccal root canals [29].
The median canal diameter at 1, 2, and 5 mm from the apex for the distobuccal
canal was: 0.22, 0.33, and 0.49 mm, respectively, buccally and lingually, and 0.17,
0.25, 0.31 mm mesially and distally [1].
3.3.2.3 Palatal canal
In a literature review [40] already mentioned included 14 in vivo and in vitro
studies based on 2576 maxillary first molars; 99.0% and 98.8% of the palatal roots
contained one canal and a single foramen respectively, while the remaining of 1.0%
contained 2 canals (Figure 14).
Clinical cases reporting the existence of two canals within a palatal root are not
uncommon [44], or two distinct palatal roots [45].
The palatal canal is the largest of the root canals present in maxillary molars,
with regards to both length and volume; canal length may be up to 25 mm or more,
the volume varies 6.96  1.81 mm3, and area up to 30.43 mm2 [29].
The median canal diameter at 1, 2, and 5 mm from the apex for the palatal canal
was: 0.29, 0.40, and 0.55 mm, respectively, buccally and lingually, and 0.33, 0.40,
0.74 mm mesially and distally [1].
The palatal canal is unique, wide, and rectilinear except for a slight curvature in
order of 0.23–0.12 mm1 [29].
Figure 13.
Distobuccal canal system of maxillary first molar (reprinted from 3D tooth atlas version 9) [37].
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The apical foramen is in the center of the apex in 18.0% of cases, and lateral in
82.0% of cases on the palatal root of the first maxillary molar [1].
4. Permanent maxillary second molar
4.1 The anatomical particularities of the maxillary second molar
4.1.1 General
The maxillary second molars are the seventh teeth from the midline, because
they erupt at about age 12, they are occasionally referred to as 12-year molars [37].
They contact the maxillary first molar on the mesial and the maxillary third
molar on the distal, and they occlude with the mandibular second and third
molar [37].
Numbering system Right Left
Universal 2 15
Palmer 7 7
International 17 27
4.1.2 Development
• Initial calcification: 2.5–3 years
• Enamel completed: 7–8 years
• Eruption is between: 12–13 years
• Root completed: 14–16 years
Figure 14.
Palatal canal system of maxillary first molar (reprinted from 3D tooth atlas version 9) [37].
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4.1.3 Dimensions
See Table 2.
4.1.3.1 Crown dimensions
The mesiodistal crown dimension is greater than the occlusocervical
crown dimension [2, 3]. The average difference is as great as 2.2 mm [3]
(Figure 15(a)).
The buccolingual crown dimension is greater than the occlusocervical
crown dimension [2, 3]. The average difference is as great as 4.3 mm [7]
(Figure 15(b)).
The buccolingual crown is greater than the mesiodistal crown dimension [2, 3].
The average distance is as great as 2.3 mm [7] and as small as 1 mm [6] (Figure 15(c)).
The distal half of the crown has a smaller occlusocervical dimension than the
mesial half [3] (Figure 15(d)).
4.1.3.2 Root’s dimensions
The buccal roots are about the same length [2], and the palatal root is the longest
root [2, 3] (Figure 16(a)).
The mesiobuccal root is wider buccolingually than the distobuccal root [3]
(Figure 16(b)).
The distobuccal root is shorter and exhibits less buccolingual dimension than the
mesiobuccal root [3] (Figure 16(c)).
4.2 External root canal anatomy of maxillary second molars
4.2.1 Number of roots
As stated in “Ingle’s Endodontics” [39], a majority of maxillary second molars in
three anatomical studies were found to be three-rooted 88.6% (n = 1272); this result
is lower than that found in the maxillary first molar, while the incidence of root
fusion was 25.8% (n = 1960) as claimed in seven studies (Figure 17), and C-shaped
canals with (4.9%) when compared to the maxillary first molar.
Other studies show different numbers. Indeed, the periodontologists Ross and
Evanchik [46] observed 657 maxillary molars in 170 patients in their dental offices
Overall length 21.4 mm
Crown length 7.7 mm
Crown width 9.7 mm
Crown buccolingual 11.4 mm
Root length 12.5 mm (DB)
13.1 mm (MB)
13.7 mm (P)
Table 2.
Average dimensions (mm) of the maxillary second molar [37].
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and concluded that the root fusion in the maxillary second molars percentage is up
to 52.9% (n = 157) versus 47.1% (n = 140) without root fusion.
Figure 15.
The crown dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Crown buccal dimension, (b) crown
mesial dimension, (c) crown occlusal dimension, and (d) occlusocervical crown dimension.
Figure 16.
Roots dimensions (reprinted from 3D tooth atlas version 9) [37]. (a) Root length, (b) mesial root dimension,
and (c) distobuccal root dimension.
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4.2.2 Shape of roots
4.2.2.1 Buccal aspect
The buccal roots are nearly parallel [2, 3]. The roots are relatively straight, and
the second molar roots are relatively close together [3] (Figure 18(a)).
The roots have a distal inclination [2, 3] (Figure 18(b)). The root trunk is
relatively long [3] (Figure 18(c)).
4.2.2.2 Mesial aspect
The lingual root is relatively straight [3] (Figure 19(a)).
The mesiobuccal root has a similar morphology of the maxillary first molar, but
the furrow that runs through its mesial face is less marked, or nonexistent [8]
(Figure 19(b)).
4.2.2.3 Distal aspect
The lingual root apex is frequently aligned with the distolingual cusp tip [2]
(Figure 20(a)).
Figure 17.
Buccal view of maxillary right second molar with three roots (reprinted from 3D tooth atlas version 9) [37].
Figure 18.
Buccal aspect of maxillary second molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Root
form/proximity, (b) root curvature, and (c) root trunk.
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The distobuccal root of the second maxillary molar differs morphologically. The
background the mesiobuccal root on a distal view is visible [8] (Figure 20(b)).
4.2.2.4 Lingual aspect
The lingual root is not curved when seen from the lingual view, but it does
taper apically to a blunt or rounded apex. The buccal roots are spread out far
enough that they are usually visible behind the lingual root from this
view (Figure 21(a)).
The apex of the lingual root is in line with the distolingual cusp tip instead of the
lingual groove, as was found on the first molar [2].
The palatal root curves distally [5] (Figure 21(b)).
Figure 19.
Mesial aspect of maxillary second molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Lingual root
form and (b) mesiobuccal root surface form.
Figure 20.
Distal aspect of maxillary second molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Lingual root
apex location and (b) distobuccal root surface/form.
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4.3 Internal root canal anatomy of maxillary second molars
4.3.1 Pulp chamber and canal entries
4.3.1.1 Morphology of pulp chamber
The general outline of the pulp chamber in second maxillary molars resembles
first molars; four pulp horns of various sizes are present corresponding to the
arrangement of the cusps [37].
The floor of the pulp chamber is markedly convex, which gives the canal orifices
a slight funnel shape [41].
In Karaman et al.’s [11] research, among 100 maxillary second molars, the shape
of the pulp chamber can be trapezoidal about 74% (n = 74), triangular about 21%
(n = 21), or elliptical about 5% (n = 5) (Figure 22).
Figure 22.
Photograph of three second maxillary molars with pulp chambers [11]: trapezoidal (a), triangular (b), and
elliptical (c).
Figure 21.
Palatal aspect of maxillary second molar roots (reprinted from 3D tooth atlas version 9) [37]. (a) Buccal roots
visibility and (b) lingual root curvature.
18
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When four canals are present, the access cavity preparation of the maxillary
second molar has a rhomboid shape, if only three canals are present, the access
cavity is a rounded triangle, the mesial marginal ridge need not be invaded with the
base to the buccal; if only two canals are present, the access outline form is oval and
widest in the buccolingual dimension [41] (Figure 23).
4.3.1.2 Description and location of canal entries
The canals’ orifices in the maxillary second molars are closer mesially to each
other than they are in maxillary first molar [41].
The three main orifices (MB, DB, and P) usually form a flat triangle and some-
times almost a straight line [41] (Figure 24).
The mesiobuccal canal orifice is located more to the buccal and mesial than in
the first molar; the distobuccal orifice approaches the midpoint between
mesiobuccal and palatal orifices; and the palatal orifice usually is located at the most
palatal aspect of the root [41].
The distance between orifices in pulp chamber floor was claimed as:
3.09 0.22 mm in type II (n = 20), and 3.89 0.23 mm in type III (n = 8) according
to Karaman et al. [11].
Figure 23.
The shape of the access cavity of maxillary second molars from different views [41]: (a) buccal view,
(b) occlusal view, and (c) mesial view.
Figure 24.
Canal entries [41]. (a) Three canal orifices in a maxillary second molar. (b) Two canal orifices in a maxillary
second molar.
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4.3.2 Morphology of the canals
4.3.2.1 Mesiobuccal canal
As mentioned in the fifth chapter of “Cohen’s Pathways of the Pulp” [41].
Seventeen anatomical studies found a wide range of canal incidence in the
mesiobuccal root; we calculated the average of one canal’s incidence, the results
Figure 25.
Mesiobuccal canal system of maxillary second molar (reprinted from 3D tooth atlas version 9) [37].
Figure 26.
Distobuccal canal system of maxillary second molar (reprinted from 3D tooth atlas version 9) [37].
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were 69.3%, of two canals was 29%, while the incidence of three and four canals
was, respectively, 2.6 and 1% in two studies (Figure 25).
There was a single apical foramen found in the mesiobuccal root over 68% in
1352 maxillary second molars studied [39].
The mean degrees of primary canal curvature that obtained for type II and type
III configurations in maxillary second molar in clinical view were, respectively,
(26.13  9.18°) and (18.97  4.71°) [11].
4.3.2.2 Distobuccal canal
These canals can be quite small and smaller at the mid-root and exit the pulp in a
relatively straight line, occasionally there may be acute apical curves in mesial as
well as distal directions [37] (Figure 26).
The distobuccal roots exhibited a single canal over 99% of the time in 10
reported anatomical studies, according to Cleghorn and Goodacre [39].
Otherwise stated in a book chapter: “Tooth Morphology, Isolation, and Access”
[41] reporting seven anatomical studies, one single canal was found in the rate of
100%.
4.3.2.3 Palatal canal
In maxillary second molars, palatal canals are mostly straight with an apical
curve to the buccal, apical to this marker is a deposition of secondary dentin along
the palatal surface of the palatal canal [37] (Figure 27).
The internal canal morphology of the palatal root of the maxillary second molar
was assessed in seven studies, showing the incidence of one canal over 99% [41].
While one study found that two palatal roots and two palatal canals occur in 1.47%
of these teeth [31].
Neelakantan et al. [23] used CBCT to analyze 191 extracted maxillary
second molars from an Indian population; the incidence of a single canal in a
palatal root was 87.8%, and the presence of two or more canals was
approximately 5.3%.
Figure 27.
Palatal canal system of maxillary second molar (reprinted from 3D tooth atlas version 9) [37].
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5. Conclusion
The roots’ variation and the canal system’s morphology knowledge constitute for
each tooth a daily mission to the dental surgeon, in order to minimize the potential
risks that lead to a failure of the therapy, especially in the endodontic.
An accurate diagnosis and a successful therapy could be resulted by highlighting
the entire roots and canals network of molars in particular.
The preoperative radiography is the first complementary test to the
diagnosis; although the results of the retro-alveolar radiography in ortho-centered
incidence are important, they are not as significant as those of the meso-centric in
terms of their impact, which appeared to display three roots of maxillary molars
distinctly.
The cone beam computed tomography technology offers a high accuracy,
when the data collected by the clinic and conventional radiography are not
sufficiently contributory to the diagnosis. Unfortunately, the micro-computed
tomography is not applicable in vivo human imaging; however, it
forms a detailed means to evaluate the root canal anatomy quantitatively and
qualitatively.
Respecting the maxillary molars’ axis, the endodontic access cavity in a trape-
zoidal shape allows: a direct access, and a possible discovery of an additional canal.
This incidence appears to be increasing with the use of the surgical operating
microscope during the access opening procedure, while a lower magnification of
Galilean loupes are limited.
Furthermore, the canal entries could be located by using micro-openers, ultra-
sound inserts, round burs, or fine taper files. The use of dyes, with or without trans-
illumination, could also be useful.
The working length must ideally be determined through an apex locator, and
validated by retro-alveolar radiography. Cleaning and shaping with the k-files
remains a prerequisite for Ni-Ti instrumentation.
The techniques that are used to fill a canal network of maxillary molars act
according to the principle of vertical warm compaction or thermo-mechanical con-
densation with Gutta condenser.
Abbreviation
CBCT cone beam computed tomography
Micro-CT micro-computed tomography
CCD charged coupled device
PSP photostimulable phosphor
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